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S3 CROSS-REFERENCE TO RELATED APPLICATIONS 

jl Embodiments of the present invention claim priority from a U.S. Provisional 

M: Application entitled "Barrier Catheter Apparatus and Method," Serial No. 60/317,358, filed 
Pi September 5, 2001, the contents of which are incorporated by reference herein, and relate to 
fl copending U.S. Patent Application "Stabilizing Catheter For Protein Drug Delivery," attorney 

docket No. 047711/0273, filed concurrently herewith, the contents of which are incorporated 

by reference herein. 

Background of the Invention 

1 . Field of the Invention 
20 The present invention relates, generally, to improvements in catheters, and, in 

preferred embodiments, to a catheter that significantly reduces diffusion of substances through 
the catheter wall and, in further preferred embodiments, possibly hinders the formation of 
obstructions in the distal end tip of the catheter. 
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2. Description of Related Art 

In the medical arts, catheters are used to inject fluids into or drain fluids away 
from the body. Catheters may be used in combination with a device such as a pump, which is 
implanted in the body of a patient, the pump being suitable for the programmed delivery of 
measured doses of a formulation. (A formulation is defined in the present disclosure as the 
substance being conveyed by the catheter. This substance may comprise either a mixture of 
different components or it may be a single, pure substance.) A typical example of such use is 
the intraperitoneal delivery of an insulin formulation. FIG. 1 illustrates an example of this 
use. As shown in FIG. 1, an implantable infusion pump (IIP) 10 is implanted in a patient 
below the skin and above the muscle in the abdomen. The IIP 10 will then dispense an 
infusion formulation (such as an insulin formulation) through the peritoneum wall 12 via a 
catheter 14. A lead 16 may connect IIP 10 to a sensing device (not shown) that is used to 
regulate the delivery of the infusion formulation. 

Depending on the circumstances, it may be necessary or desirable that the IIP 
and catheter remain within the patient for extended time periods ranging from a number of 
days to a number of years. Thus, the catheter is exposed to the body fluids of the patient. 
Substances within these body fluids can, over time, diffuse through the catheter wall and 
interact with the infusion formulation within the lumen of the catheter. The diffusion of 
certain molecules may lead to the formation of catheter obstructions. For example, it is 
believed that diffusion of one or more molecules (for example, of COz and/or phenol) through 
the wall of a catheter carrying an insulin formulation may lead to precipitation and eventually 
to the formation of deposits that may result in catheter obstructions. In addition, obstructions 
often form at the distal end tip of the catheter, possibly as a result of CO2 mixing with the 
infusion formulation that is present near the tip, especially during the interval between pump 
strokes of the IIP. 

An additional problem with inward diffusion of molecules through the wall of a 
catheter is that the molecules interact with the infusion formulation. Thus, the composition of 
the infusion formulation within the catheter may be destabilized. This makes it difficult to 
accurately control the properties, composition, and/or stability of the infusion formulation 
delivered to the infusion site. 
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Along with the problem of diffusion of molecules through the wall into the 
catheter is the related problem of outward diffusion of molecules of the infusion formulation 
components through the wall of the catheter and into the patient at other than the infusion site. 
For example, when an insulin formulation is being conveyed by a catheter, preservatives 
within the insulin formulation, such as phenol and m-cresol, may diffuse out of the catheter. 
Again, as a result of this outward diffusion, the properties, composition, and/or stability of the 
infusion formulation delivered to the infusion site will be difficult to control. Furthermore, it 
is believed that the diffusion of phenol from the insulin formulation destabilizes the insulin 
formulation and has a tendency to precipitate and lead to the formation of catheter 
obstructions. 

As the technology improves, implant devices such as the IIP are becoming 
smaller. Because of the smaller size of the IIP, only a smaller volume of the infusion 
formulation can be accommodated within the IIP. Thus, higher concentration infusion 
formulations are normally used. With higher concentration infusion formulations, it is even 
more important that the properties, composition, and/or stability of the infusion formulation 
are accurately controlled. 

An exemplary catheter comprises a lumen which extends through an inner wall 
of polyethylene and a relatively flexible outer wall of bio-compatible polymer material such as 
silicone rubber. The lumen is the medium through which the infusion formulation will pass. 
The distal end of the catheter is usually located at an infusion site. The proximal end of the 
catheter is usually attached to a source of the infusion formulation, which may be within an 
IIP. 

An exemplary catheter, as discussed above, may comprise an inner wall of 
polyethylene and an outer wall of silicone rubber. Both of these materials can be insufficient 
barriers to diffusion. In addition, the exemplary catheter discussed above allows a infusion 
formulation to be resident in the catheter for long periods of time before it is dispensed from 
the distal end. CO2 and other substances present in body fluids may diffuse and/or mix with 
the infusion formulation in the distal end tip and cause obstructions to form. 

Accordingly, there is a demand for a catheter that restricts diffusion into or out 
of the catheter walls. There is also a demand for a catheter that will reduce the chances that 
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the infusion formulation flowing through the lumen will be hindered by obstructions in the 
distal end tip of the catheter. 

Summary of the Disclosure 

Therefore, it is an advantage of embodiments of the present invention to 
5 provide a catheter which provides a significant barrier to diffusion of CCh and other 
substances into the lumen of the catheter. 

It is a further advantage of embodiments of the present invention to provide a 
catheter that inhibits diffusion of preservatives and other substances within an infusion 
formulation outward through the walls of the catheter and into the body of the patient before 
10 reaching the distal end of the catheter. 

ji! It is a further advantage of embodiments of the present invention to provide a 

fee? 

W catheter which inhibits deposit formation that can tend to occur at or near the distal end tip and 
q facilitates the expulsion during delivery, for example, delivery of a bolus or catheter flush. 
fl These and other advantages are accomplished according to a catheter which 

15 provides a significant barrier to inward diffusion of any undesirable substance into the lumen 
fjj of the catheter and/or to outward diffusion of any infusion formulation contained within the 
]Z lumen of the catheter. 

C3 In a preferred embodiment of the present invention, a barrier layer is provided 

within the catheter that is comprised of material which has a lower permeability than 

20 conventional materials used in the wall of a catheter. Thus, preferably, the barrier layer 
material has a lower permeability for molecules in the infusion formulation and in the 
environment of use than conventional materials used in the wall of a catheter. Thus, the 
properties, composition, and/or stability of the infusion formulation delivered to the infusion 
site may be more accurately controlled. In one preferred embodiment, the undesirable 

25 substance is believed to be CO2 and the infusion formulation comprises an insulin formulation. 

Preferred embodiments of the present invention also provide a catheter which 
inhibits deposit formation at the distal end tip and facilitates the expulsion during delivery of a 
bolus or catheter flush. According to one embodiment, a flared distal end tip aids in the 
release, during a bolus delivery or catheter flush, of any obstruction situated at the distal end 
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tip of the catheter. The larger cross-sectional area of the inner channel of the lumen at the 
flared distal end tip minimizes the chances that any obstruction that develops at or near the 
distal end tip will be sufficient to hinder the flow of the infusion formulation within the lumen 
of the catheter. In addition, deposits that do form in the flared portion of the distal end tip are 
5 more likely to be expelled during a bolus delivery or catheter flush due to the shape and larger 
cross-sectional area of the flare. 

Further preferred embodiments of the present invention also provide a catheter 
which inhibits deposit formation at or near the distal end tip by providing a slit valve that 
greatly reduces the potential for obstructions resulting from the mixing of body fluids with the 

10 infusion formulation during the interval between pump strokes of an infusion pump. The slit 
M- valve comprises a portion of the outer layer material extended over the distal end with one or 
S more and, preferably a plurality of slits that may be elastically extended to an open position by 

the expulsion of the infusion formulation during a pump stroke of the infusion pump. During 
O the interval between pump strokes, the slits will return to a closed position and hinder the 

11 inflow of body fluid into the distal end tip. 

l L Further preferred embodiments of the present invention comprise a catheter 

W which provides an annular channel to aid in the delivery of the infusion formulation to the 
H infusion site in the event of an obstruction at or near the distal end tip of the catheter. This 
?l annular channel is formed in the layers of the catheter at a sufficient upstream distance from 
20 the distal end tip to provide an alternate passageway, under sufficient pressure, for the 
infusion formulation to flow to the infusion site through the annular channel. 

Depending upon the context of use, the invention may include various 
combinations of these features which function together to provide protection against diffusion 
of substances through the catheter layers and against the formation of catheter obstructions. 
25 Various embodiments of the invention include one or more of these features. Preferred 
embodiments of the present invention contain each of these features. 

These and other objects, features, and advantages of embodiments of the 
invention will be apparent to those skilled in the art from the following detailed description of 
embodiments of the invention, when read with the drawings and appended claims. 
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Brief Description of the Drawings 

Referring now to the drawings in which like reference numbers represent 
corresponding parts throughout: 

FIG. 1 shows a fragmented cutaway view of an exemplary environment of use 
5 of the present invention for the intraperitoneal delivery of an insulin formulation. 

FIG. 2 illustrates a fragmented cutaway view of an example of a catheter with a 
barrier layer according to an embodiment of the invention. 

FIG. 3 illustrates an example of a catheter with a flared distal end tip according 
to an embodiment of the invention. 
10 FIG. 4 illustrates a fragmented cutaway view of an example of a catheter with a 

p slit valve at the distal end tip according to an embodiment of the invention. 

FIG. 5 illustrates a fragmented cutaway view of an example of a catheter with 
C : 1 an annular channel according to an embodiment of the invention. 

m FIG. 6 illustrates a fragmented cutaway view of an example of a catheter with 

E> an annular channel and annular plug according to an embodiment of the invention. 

nj 

Detailed Description of Preferred Embodiments 

pi: 

In the following description of preferred embodiments, reference is made to the 

accompanying drawings which form a part hereof, and in which is shown by way of 
20 illustration specific embodiments in which the invention may be practiced. It is to be 

understood that other embodiments may be utilized and structural changes may be made 

without departing from the scope of the preferred embodiments of the present invention. 

As discussed above, the present invention relates generally to an improved 

catheter. Embodiments of the invention may be employed in various infusion environments 
25 including, but not limited to a biological implant environment. In preferred embodiments, a 

catheter is configured for an implant environment within a human body, as shown in FIG. 1. 

However, other embodiments may be employed in other biological implant or non-implant 

environments. 
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FIG. 2 illustrates an example of a catheter 20 according to one preferred 
embodiment of the present invention. Catheter 20, shown in a fragmented cutaway view in 
FIG. 2, may be used in conjunction with an IIP. Catheter 20 comprises a lumen 26 which 
extends through a barrier layer 24 having a relative stiffness and density suitable for the 
5 environment of use. The material used for barrier layer 24 may be selected from the group of 
halogenated polymers such as, but not limited to, polytetrafluorethylene (PTFE Teflon ), 
polyvinylidene chloride (Saran), polyvinylidene fluoride (Kynar), or derivatives of any of 
these materials. Other suitable materials include polymeric materials such as, but not limited 
to, polyamides, ethylene-vinyl alcohol (EVOH), polyetheretherketone (PEEK), nylon, 
10 polyester, or derivatives of any of these materials. In addition, inorganic materials such as, 
but not limited to, glass capillary tubing or diamond coated tubing may be used for the barrier 

0 layer 24. Catheter 20 also comprises an outer layer 22 of soft, flexible, bio-compatible 

hi 

01 material such as, but not limited to, relatively soft silicone rubber or polyethylene. 

m In a preferred embodiment of the present invention, the outer layer 22 is in firm 

fS contact with and substantially covers the barrier layer 24. The outer layer 22 protrudes 

U beyond the barrier layer 24 at the distal end tip 23 a distance sufficient to cover the edge of the 

a : 

W\ barrier layer 24, as referenced by numeral 21. The soft material of outer layer 22 preferably 
is formed to conform to and cover the edge of the barrier layer 24. This reduces irritation to 

bk the patient, as the barrier layer 24 may be relatively rigid and may irritate tissue with which 

20 the tip comes into direct contact. 

Preferably, the length of the protrusion of the outer layer 22 beyond barrier 
layer 24 is selected to provide sufficient coverage of the edge of the barrier layer, but not so 
long as to allow significant diffusion into or out of the infusion formulation prior to the 
infusion formulation being discharged from the distal end tip 23. Obstructions at the distal 

25 end tip 23 may occur for at least three reasons. First, because the volume of the infusion 

formulation (such as an insulin formulation) situated in the distal end tip 23 has been present in 
the catheter the longest period of time, it has been subjected to any diffusion longer than the 
remainder of the infusion formulation present in the catheter. Second, the volume of the 
infusion formulation situated in the portion of the distal end tip 23 without the protection of 

30 barrier layer 24 will be more likely to encounter diffusing CO2 and other substances. Third, 
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stabilizers or preservatives may be lost by diffusion and/or interaction with materials that mix 
with the infusion formulation through the opening at the distal end tip 23. Therefore, the 
portion of the outer layer 22 that protrudes beyond the barrier layer 24 at the distal end tip 23 
may provide an attachment site for obstructions due to lack of a barrier layer in that portion of 
5 the catheter 20. Accordingly, in some embodiments this portion may be kept to a minimum. 

In a preferred embodiment of the present invention, in order to minimize the 
potential for obstructions, the distance that outer layer 22 protrudes beyond barrier layer 24 
may surround a volume no greater than the smallest possible pump stroke volume of the IIP, 
i.e., the smallest possible amount of infusion formulation displaced per actuation of the IIP. 
10 This will result in a minimum exposure time for the infusion formulation in the unprotected 
portion of the distal end tip 23. In the alternative, the distance may be based on surrounding a 

is?;!;: 

0 volume no greater than a volume corresponding to a predefined number of pump strokes. 

y Alternatively, the distance that outer layer 22 protrudes beyond barrier layer 24 

Jl; may fall within a possible range of distances. In embodiments of the present invention, a 
M range of distances between one-half inch to one inch may be used. In a preferred 

1 embodiment, the distance for the protrusion of outer layer 22 beyond barrier layer 24 may be 
jJH one-half inch. Similarly, the ratio of protrusion length to thickness for outer layer 22 may fall 
III within a possible range. In embodiments of the present invention, a range of ratios between 
q 0.5 and 50 may be used. More preferably, a range between 1 and 20 may be used. Most 

20 preferably, a range between 1 and 10 may be used. In a preferred embodiment of the present 
invention, the ratio of length to thickness of outer layer 22 may be one to one, i.e., the length 
of the protrusion beyond the distal end tip 23, referenced by numeral 25, may be equal to the 
thickness of the outer layer 22, referenced by numeral 27. Other embodiments may employ 
other dimensions and ratios. 

25 In a preferred embodiment of the present invention, catheter 20 shown in FIG. 

2 may be used to deliver Lispro or other forms of insulin formulation to the patient. It is 
believed that diffusion of CO2 through the layers or up the distal end tip of the catheter leads 
to precipitation and eventually to the formation of deposits that may result in catheter 
obstructions. Thus, in prior art catheters, Lispro and other forms of insulin formulation may 

30 be susceptible to the formation of obstructions due to the insufficient barriers these catheters 
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provided against diffusion of CO2 and other substances. These obstructions result in 
destabilization of the Lispro, and the Lispro may be hindered in reaching the infusion site. 

Preferred embodiments of the present invention significantly reduce the amount 
of diffusion through the catheter layers by providing a barrier layer for the catheter. In 
5 embodiments of the present invention, the barrier layer may be made of a material that is 
compatible with the environment of use (for example, infusion formulation compatible and, if 
necessary, bio-compatible and bio-stable). In a preferred embodiment of the present invention, 
the material of barrier layer 24 is PTFE Teflon and the undesirable substance is CO2. 

PTFE Teflon is chosen because it is insulin formulation compatible, bio- 
10 compatible, bio-stable, and has a gas permeability index for CO2 that is much lower than that 
b k of other materials commonly used in a catheter wall. The gas permeability index, in reference 

i~,Ji 

g to a specified material, indicates the ability of a specified gas to permeate through the 
J:!:: material. For example, the gas permeability index of PTFE Teflon for CO2 is 6.8 (cc~ 

0 mm/sec-cm 2 -cmHg). In contrast, the gas permeability index of polyethylene for CO2 is 280 
|I (cc-mm/sec-cm 2 -cmHg). Thus, the use of PTFE Teflon as a CO2 barrier can result in a 

1 h barrier that is as much as 40 times more effective than polyethylene, assuming the same 

[U dimensions of the catheter. Thus, barrier layer 24 substantially hinders diffusion of CO2 into 

01 the lumen of catheter 20. 

2 An additional advantage to the use of PTFE Teflon in a catheter is its relative 
20 stiffness. This stiffness may facilitate the projection of the catheter through the body. For 

example, in the intraperitoneal delivery of insulin formulation discussed above, the catheter is 
projected through the peritoneal wall of a patient. The added stiffness provided by the PTFE 
Teflon may be beneficial for such uses of the catheter. 

A further preferred embodiment of the present invention has a flared or tapered 

25 distal end tip to aid in the release, during a bolus delivery or catheter flush, of any deposited 
precipitated substance situated at or near the distal end tip of the catheter. FIG. 3 shows a 
fragmented cutaway view of catheter 30. Catheter 30 comprises a lumen 36 which extends 
through a barrier layer 34 of relatively stiff, dense material. The material used for barrier 
layer 34 may be selected from the group of halogenated polymers such as, but not limited to, 

30 PTFE Teflon, Saran, Kynar, or derivatives of any of these materials. Other suitable materials 
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include polymeric materials such as, but not limited to, polyamides, EVOH, PEEK, nylon, 
polyester, or derivatives of any of these materials. In addition, inorganic materials such as, 
but not limited to, glass capillary tubing or diamond coated tubing may be used for the barrier 
layer 34. Catheter 30 further comprises an outer layer 32 of soft, flexible, bio-compatible 
5 material such as, but not limited to, relatively soft silicone rubber or polyethylene. 

In a preferred embodiment of the present invention, the outer layer 32 is in firm 
contact with and substantially covers the barrier layer 34. The outer layer 32 protrudes 
beyond the barrier layer 34 at the distal end tip 33 of catheter 30 a distance sufficient to cover 
the edge of the barrier layer 34. As discussed above in reference to FIG. 2, the soft material 
10 of outer layer 32 preferably is formed to conform to and cover the edge of the barrier layer 
34. 

m Beginning at a specified distance from the distal end tip 33, referred to in the 

U present application as the "apex" 38, the inner cross-sectional diameter of the lumen 36, 

Cj bounded by barrier layer 34, becomes progressively larger as it extends toward the distal end 

B 

f§ tip 33. This results in the flaring of the lumen 36 as it extends from the apex 38 towards the 
*"* distal end tip 33. The inner cross-sectional diameter of the lumen 36 increases but, in 
M preferred embodiments, the outer cross-sectional diameter of the lumen 36 remains relatively 
fy constant. Thus, it is easier to pass catheter 30 through small incisions and irritation is 
J? reduced. 

20 In embodiments of the present invention, the cross-sectional diameter of the 

portion of the lumen 36 that extends from the apex 38 towards the proximal end 39, i.e., the 
un-flared portion of the lumen 36, may be about 0.007 inch. In a preferred embodiment of 
the present invention the distance of apex 38 from distal end tip 33 may be approximately 0.5 
inch. The lumen 36 will continue to flare as it progresses to the distal end tip 33. In 

25 embodiments of the present invention, the cross-sectional diameter of the lumen 36 at its 

widest point, i.e., at the distal end tip 33, may be about 0.020 inch. Other embodiments may 
employ other dimensions. 

The larger cross-sectional area at the distal end tip 33 minimizes the chances 
that any obstruction that develops at or near the distal end tip 33 will be sufficient to hinder 

30 the flow of the infusion formulation within the lumen 36. In addition, deposits that do form in 
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the flared portion of distal end tip 33 are more likely to be expelled during a bolus delivery or 
catheter flush due to the shape and larger cross-sectional area of the flare. Other shapes 
besides a flare shape for the distal end tip 33 are also possible. For example, the transition to 
a larger cross-sectional area of the inner surface of the lumen 36 may take place more abruptly 
with a more uniformly cylindrical shape for the widened portion of lumen 36 nearest the distal 
end tip 33. 

The flared or tapered shape of the distal end tip 33 has another advantage. 
During the interval between IIP pump strokes, body fluids will mix with the infusion 
formulation present at the distal end tip 33. The area of the lumen 36 into which the body 
fluids will penetrate is referred to as the "mixing zone." The potential for the formation of 
obstructions in the mixing zone is high due to the mixing of substances within the body fluids 
with substances within the insulin formulation. 

The flared or tapered distal end tip 33 of the embodiment of the present 
invention illustrated in Figure 3 greatly reduces the potential for complete obstructions by 
selecting the distance of the apex 38 from the distal end tip 33 such that the mixing zone of the 
lumen 36 is contained within the flare. Because the mixing zone is contained within the larger 
diameter of the flare and not within the smaller diameter of the remainder of the lumen 36, the 
potential for complete obstructions resulting from the mixing of body fluids with the insulin 
formulation is greatly reduced. 

Another preferred embodiment of the present invention further reduces potential 
for obstructions in the mixing zone by providing a slit valve to cover the distal end tip of the 
catheter to prevent body fluids from entering the mixing zone during the interval between IIP 
pump strokes. FIG. 4 shows a fragmented cutaway view of catheter 40. Catheter 40 
comprises a lumen 46 which extends through a barrier layer 44 of relatively stiff, dense 
material. The material used for barrier layer 44 may be selected from the group of 
halogenated polymers such as, but not limited to, PTFE Teflon, Saran, Kynar, or derivatives 
of any of these materials. Other suitable materials include polymeric materials such as, but 
not limited to, polyamides, EVOH, PEEK, nylon, polyester, or derivatives of any of these 
materials. In addition, inorganic materials such as, but not limited to, glass capillary tubing or 
diamond coated tubing may be used for the barrier layer 44. Catheter 40 further comprises an 
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outer layer 42 of soft, flexible, bio-compatible material such as, but not limited to, relatively 
soft silicone rubber or polyethylene. 

In a preferred embodiment of the present invention, the outer layer 42 is in firm 
contact with and substantially covers the barrier layer 44. The outer layer 42 protrudes 
5 beyond the barrier layer 44 at the distal end tip 43 a sufficient amount to form slit valve 45. 
Slit valve 45 has a semi-spherical shape. Other shapes are also possible. For example, slit 
valve 45 could have a conical shape with the cross-sectional area gradually narrowing from the 
distal end tip 43 outward. Slit valve 45 has a slit 48 that may be elastically extended to an 
open position by the expulsion of the infusion formulation during an IIP pump stroke. 

10 During the interval between IIP pump strokes, the slit 48 will elastically return to a closed 
position and hinder the inflow of body fluids. Thus, slit valve 45 greatly reduces the potential 

Q for the formation of obstructions resulting from the mixing of body fluids with the infusion 

Ol formulation during the interval between IIP pump strokes. 

SJ In other preferred embodiments, slit valve 45 may comprise one or more and, 

tS preferably a plurality of slits. Also, the slits may be positioned at various points on the slit 
U valve, for example, along the sides of the slit valve. Further, the slit valve may also be 

utilized in a non-flared catheter such as the catheter discussed above in relation to FIG. 2. 
W A further preferred embodiment of the present invention provides alternate 

U paths for the flow of the infusion formulation out of the distal end tip in the event that the tip 
20 becomes blocked. FIG. 5 shows a fragmented cutaway view of catheter 50. Catheter 50 
comprises a lumen 56 which extends through a barrier layer 54 of relatively stiff, dense 
material. The material used for barrier layer 54 may be selected from the group of 
halogenated polymers such as, but not limited to, PTFE Teflon, Saran, Kynar, or derivatives 
of any of these materials. Other suitable materials include polymeric materials such as, but 
25 not limited to, polyamides, EVOH, PEEK, nylon, polyester, or derivatives of any of these 

materials. In addition, inorganic materials such as, but not limited to, glass capillary tubing or 
diamond coated tubing may be used for the barrier layer 54. Catheter 50 also comprises an 
outer layer 52 of soft, flexible, bio-compatible material such as, but not limited to, relatively 
soft silicone rubber or polyethylene. 
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In a preferred embodiment of the present invention, the outer layer 52 is in firm 
contact with and substantially covers the barrier layer 54. The outer layer 52 protrudes 
beyond the barrier layer 54 at the distal end tip 53 a distance sufficient to cover the edge of the 
barrier layer 54. The soft material of outer layer 52 preferably is formed to conform to and 
cover the edge of the barrier layer 54. Flowholes 55 are formed in barrier layer 54 to allow 
the infusion formulation to flow through an annular channel 58, the entrance into which is 
formed between the outer surface of barrier layer 54 and the inner surface of outer layer 52 at 
a specified distance, referred to by numeral 59, from the distal end tip 53. The distance is 
chosen such that the entrance into the annular channel 58 will be sufficiently upstream from 
the mixing zone and, thus, from any obstruction. In a preferred embodiment of the present 
invention, distance 59 is approximately 0.50 inch from the distal end tip 53. Other 
embodiments may employ other distances. 

If an obstruction 57 forms at the distal end tip 53, the pressure of the outward 
flow of the infusion formulation during an IIP pump stroke will be sufficient to elastically 
separate the outer surface of the barrier layer 54 from the inner surface of the outer layer 52 
along the annular channel 58, providing a passageway for the infusion formulation. Thus, the 
infusion formulation will flow around the obstruction 57 and to the infusion site, as shown by 
directed arrows 51. In the interval between IIP pump strokes, the outer surface of the barrier 
layer 54 will elastically return to contact the inner surface of the outer layer 52 along the 
annular channel 58. 

An example of an alternative preferred embodiment of the present invention is 
shown in FIG. 6. FIG. 6 shows catheter 60. Catheter 60 comprises a lumen 66 which 
extends through a barrier layer 64 of relatively stiff, dense material. The material used for 
barrier layer 64 may be selected from the group of halogenated polymers such as, but not 
limited to, PTFE Teflon, Saran, Kynar, or derivatives of any of these materials. Other 
suitable materials include polymeric materials such as, but not limited to, polyamides, EVOH, 
PEEK, nylon, polyester, or derivatives of any of these materials. In addition, inorganic 
materials such as, but not limited to, glass capillary tubing or a diamond coated tubing may be 
used for the barrier layer 64. Catheter 60 also comprises an outer layer 62 of soft, flexible, 
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bio-compatible material such as, but not limited to, relatively soft silicone rubber or 
polyethylene. 

In a preferred embodiment of the present invention, the outer layer 62 is in firm 
contact with and substantially covers the barrier layer 64. The outer layer 62 protrudes 
5 beyond the barrier layer 64 at the distal end tip 63 a distance sufficient to cover the edge of the 
barrier layer 64. The soft material of outer layer 62 preferably is formed to conform to and 
cover the edge of the barrier layer 64. 

Flowholes 65 are formed in barrier layer 64 and outer layer 62 to allow the 
infusion formulation to flow through an annular channel 69, the entrance into which is formed 
10 between annular plug 68 and the outer surface of outer layer 62. Annular plug 68 is disposed 

s ■, 

p over flowholes 65. Annular plug 68 may be a soft, flexible, bio-compatible material such as, 
but not limited to, relatively soft silicone rubber or polyethylene. Annular plug 68 provides 

fil an adequate seal against outflow through flowholes 65 of the infusion formulation within 

O 

m lumen 66 under normal pressure. However, if an obstruction, referred to by numeral 67, 
f5 develops at or near the distal end tip 63, then the pressure of the outward flow of the infusion 
M formulation during an IIP pump stroke will be sufficient to elastically separate the inner 
py surface of the annular plug 68 from the outer surface of the outer layer 62, providing a 
piij passageway for the infusion formulation through annular channel 69. Thus, the infusion 
H formulation will flow around the obstruction 67 and to the infusion site, as shown by directed 
20 arrows 61. During the interval between IIP pump strokes, the inner surface of the annular 
plug 68 will elastically return to the outer surface of the outer layer 62. 

In all of the preferred embodiments of the present invention discussed above, an 
additional interior layer may be provided on the inner surface of the barrier layer. The 
material provided for the interior layer may be hydrophobic or hydrophilic in nature in order 
25 to regulate the interaction of infusion formulation components with the interior surface. The 
interior catheter surface may also contain or be treated to contain chemical groups that permit 
the covalent or physical attachment of compounds that will regulate its surface properties and 
permeability. 

Further, in preferred embodiments of the present invention the barrier layer 
30 may be sandwiched between layers of bio-compatible material such as, but not limited to, 
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polyethylene and silicone rubber. Thus, the barrier layer will continue to provide a barrier 
against diffusion of substances into or out of the catheter. In some applications, the barrier 
layer may be the outermost layer of the catheter. 

Furthermore, in some applications, it may be determined that the advantages of 

5 the invention's barrier layer described above are only required in a portion of the catheter. 
Thus, in some embodiments of the invention's catheter the barrier layer is used in only that 
portion of the catheter where the described advantages are most needed. In these 
embodiments, the remainder of the catheter may not comprise any barrier layer material. 

In yet other applications, it may be advantageous to cover only a portion of the 

10 barrier layer material with the outer layer material. Thus, in some embodiments, the outer 
layer material covers only those portions of the barrier layer material where the advantages of 

h the outer layer material (for example, softness and/or flexibility) are most needed, for 

fi example, at the distal end tip. 

Bi Catheter structures in accordance with various embodiments of the invention 

jjSPiSj. 

f§ may be manufactured in any suitable manner, including, but not limited to, extruding or 

3 ~ 

f * molding inner and outer layers together or separately. 

N; Therefore, embodiments of the present invention provide a catheter which 

in j provides a significant barrier to diffusion of CO2 and other substances into the lumen of the 
ft catheter. A barrier layer is provided as part of the catheter which inhibits the outward 
16 diffusion of substances flowing through the lumen of the catheter. Thus, the properties, 

composition, and/or stability of the infusion formulation delivered to the infusion site may be 
more accurately controlled. 

Embodiments of the present invention also provide a catheter which inhibits 
deposit formation at the distal end tip and facilitates the expulsion during delivery, for 
25 example, delivery of a bolus or catheter flush The larger cross-sectional area of the flare at 
the distal end tip aids in the release, during a bolus delivery or catheter flush, of deposited 
precipitated substances situated at the distal end tip of the catheter and minimizes the chances 
that any obstruction that develops at the distal end tip will be sufficient to hinder the flow of 
the infusion formulation within the lumen of the catheter to the infusion site. 
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Embodiments of the present invention also provide a catheter which inhibits 
deposit formation at the distal end tip by providing a slit valve at the distal end tip. The slit 
valve has one or more and, preferably a plurality of slits that may be elastically extended to an 
open position by the expulsion of the infusion formulation during an IIP pump stroke. During 
5 the interval between IIP pump strokes, the slits will return to a closed position and hinder the 
inflow of body fluid into the distal end tip. 

Embodiments of the present invention also provide a catheter which provides an 
annular channel. This annular channel may be formed in the catheter at a sufficient upstream 
distance from the distal end tip to provide an alternate passageway for the infusion formulation 
10 to the infusion site through the annular channel in the event of an obstruction. 

Li. 

K Thus, embodiments of the present invention provide a catheter which inhibits 

H diffusion of substances through the layers of the catheter and which minimizes the chances that 

01 the flow of infusion formulations through the catheter will be blocked. 

O 

m While particular embodiments of the present invention have been shown and 

f 5 described, it will be obvious to those skilled in the art that the invention is not limited to the 

M particular embodiments shown and described and that changes and modifications may be made 

jlj without departing from the spirit and scope of the appended claims. 

y~4 
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